Controlling beta-sheet assembly in genetically engineered silk by enzymatic phosphorylation/dephosphorylation.
Enzymatic phosphorylation and dephosphorylation reactions were used to modify a genetically engineered variant of spider dragline silk. The approximately 25 kDa protein was phosphorylated with cyclic AMP-dependent kinase and dephosphorylated with calf intestinal alkaline phosphatase. Phosphorylation inhibited beta-sheet assembly of the protein and enhanced solubility to about 5 mg/mL in water, compared to about 20% of this level upon enzymatic dephosphorylation. The cyclability of the phosphorylation-dephosphorylation system was confirmed by MALDI with a model peptide. Kinetic studies conducted with [gamma-(32)P]ATP illustrate that the phosphorylation reaction proceeds over 6 h. Secondary structure of the phosphorylated and dephosphorylated proteins was determined by CD and FTIR. The results illustrate that an enzymatic phosphorylation event can be used to control the solution structure of a protein like silk, which has a tendency to prematurely precipitate due to the formation of beta-sheets.